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Measmement and analysis of soil niti ogen and organic mattei' 
content using near- infrared spectroscopy techniques 



HEYonedi'J JSy^S0^GHti-y*nO--^^^l\PEniEntAAiimt Gma*% GOMEZ AiitiiosHEnmid^^ 

'E-a]*il' yh£^xjD.cillJ ^A 
Rn-nvciJ JuDL 1, ICKlf , rE-PE^mn ufEpLfJ i±pl 7, 2DDS 



i^mt^yiQg SET €nl soil pmpeibfrf Thjs Mfflwd^ns ii»dta sftB&Pite iiAo^lIH) Did arpnx mottEr {OM) catat ii 4 rail (^ 
^^jju^ fti^iiEE. I^i^iEU Caii^ AtEtAld 1^ seal s^mp^f ^EiE tih EL friiiL tti£ f Eld NiMy-f ire f^mp^f ^ctiTi were 
115 e d ilim^iifi c:\llr pAieli nrd ooff T4lAti3LfU^ Thirty fuaplK sp^ctin ^ue usedla i^fdirt N uuf QM co^eitmim. KIR 
fpedn d tli£f E Hmpkf TTEiE coiiEktfid :£iigT]/iiLiil li FJt fqi.ujE lE^ snai ^ui'e^tsfir [ seffi: ^t.^ Iz^tn'seiiiiie^^j^d uid 

durred iint NIR meftcd Iriffltatnl ta Hnnt^^ ^drt ii£fe carEStEtufiitf m Uiif fcal Hie lEsulf slu^d ftut HIR ^c- 
Uof E[^ {4Ri£ibE D ^odtiHlifrprEEisxiLifDimiig P^ j£ rjiai 
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IH"mODUCTia"N 

T^clinolDgicil devekpio^ut in posluiaukg, 
^ eiu HI ^ izkd c diiUdI system his Dpeiiediiiew ert.xL 
whichtridAnul igncuMiTPil pijctx € f ATE Mtbriimd 
Fr^cifiDii fuxQing if i tenu us^d la dtfciibt the 
intiiigemfiiit of vtxiilijlity friflun i fi£ld, tpp^i^ 
tgrniLcauf nipiitf ni^ n^pkc^ ^ tt the untune 
trid HI the ri^il qi.itiitity tD improve dii econDmic 
effiEfiicy trid dxuxufh tlu tEi^ersf eiwiTDiitiiEiilil 
m^ict of mop piodartiaiL {Etxl ft ai , 20DCi| Stiidy 
tTLdiirLdersttiidAg of the foilsp^titlvtritbilityif ^^eiy 
1114] [MUm If fDil VAT ability EJiufs [JDps yie^ to be 
disa-ibntedniuv*ijyin PifHld^Lni^f L^i ,1P?91 "Ilie 



PeiijleL HuppiirtzJ b^ LLc Nbliiinil NuLiJEbl ^li^ecl FuunJyliuD uF 
rbini[No ia J~'l>~'~' 1 1, jn J Ihr rr^LiiDf jnJ Rrbcun-li Amrifiu- 
IriEK^ FuE Q^lblbxJinp V uun|ri TcjiLzEb in llij^r F^ii-bliiin IkhIiIu- 
[luni £ L^ ^prEulurJ Ecicmil^ F ^h^ Jur Lbc UuLliirll Fau^Ei^ u F 
rii^^r E^KBliiin fNv JM44JJ SOJ^ h MOE, Cbmj 



first shp m iddie f f ing till piDblEmf cvosedby foil 
vpuubi]^ If to dfivelop t Si« ^^cifK Crop Um- 
ig^ineiit pTDermi { S SCM| ta lu^ m^Piave soilqutl- 
iy tliTDii^ priEtKtl tnd econDmiciUy effiEuiit 
tze^ttneiitf Stai^ of fDil coDftitaeDtf ' cou^ofitun 
Bivohr^ f e^itufti^ JtbontDiy uu^ii 

Vifible-NIE fpe ctiDf c opy if t ripid uidiiondE- 
ftnictive tut ^tiEil he hiiiqae tint c one lute f diEfiife^ 
leflected ae n-HifrtJf d itdittion ^Hh tlie diemiE^l 
uidphvf lEtlpiop^itifrf of mitemlf {Uitiig md L iird, 
?DCi2} tnd luf bein uf ed for 4sse f snig griin mdfoil 
qiitltuf (Uout ?t £^ , 1??1, Bfti-Dor tnd Btimi, 
l?9i, Ktivtiuiiri ^1 £^ , 1999, Deliviclie md 
aofEhkt.ICiaO, Btitmi £t ^ ^I^OaO, Cotif tbiuen «I 
^.^aOl, McCtity uid EEe^^ef III, 2001, Cluti^ tod 
Liid,2OD2,E*eveff?Lii,?D02,McCirty^a?,2aO3, 
KtxaniDnthtJ €t al , 20D3| md htf been fhormto be 

T-*piri jfTm?PmP¥it^T>npU iccilTJte Uld lllb tD tJit- 

1^ tnti'^ { anftituentf tt the ftme tmu McCtity £l 
^f^CiQ 3) piopof ed th£ fpe ctrDf c opic tedimqiie f for 
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iiL« unnng phDfphDiQf ^.n^Dpn |N^^ tiid cubon 
(C^uitlu €D?JirDriiiLem uul for lEf e eeitlc tlie fjte uid 
trui^Dit of Oust tnitiuritf [^cmsilerirLC tlut oietiu^ 
uiittei m sail h«s vfiy confix ih d clumiftiy uid its 
ftiDi^ jbfDiptxiiL there cui mist Eome f^itiires is- 
fQcittfd ivith SDilmnunlf tridlus prafcnjnd mflii- 
ence on ftie phvf ic*l, {h^tuK tl tiid bu logicil prop- 
eiti£E of foilj (Oung uid L iMd, ?DCil, F^iciosa ff 
oj , 2aD0, aupheid uid Wilfh, 200^| Hu goil of 
tlui s\u&f If to evtkutf tlu potentul of NIR ^tc- 
troEcopy la ^ftniiite N ind OM cotitfiil ni nuxEd 
loui^ soil, uid obUuiiti dj^itnjtun uiipf bj Tunig 
CreagnphK ItifoiiaitiDn System (GI S) 



MATEUALE AND METHODS 

Hu e]qNBriiiieritil Eit£ locit^d ui HtTL^hcia 
(120*1 1 ' E, J0*2S ■ N) a*jitne, m n IttwEly fMf leU 
i^jOl uiondk^ ten^enture f hictiutng froDi 3 5 ^C xl 
Jtmitiy ta 26£ *[^ ni Jul^ uid tiimul ivenge t^ui- 
p«r*tiire liS 2 ^C uidnsifill 2J9 ua It htE t iTet 
c Imiite , ivitli 1 long fTDft-fr^ e penad nul r^ litiveh' 
lu^ summEi teii^entijief Hie soil lunuiil^ dees 
iiat ne ed me clunce d tilling. If ft E7 ta cotoiite by tlu 
method of crop rotttun w^Ol com Hu joil type if 
clisfdied If kuiiy mixed ictiL^e th^nuu leiH fDil 
tEccndingta ^u jiuig sdH c liff iii£ itunL 

SuTLplmf rtr^i^ vid «:^ainiaitil din^ 

Hu tf ft field bonndtiy w*5 dfitcnuxud indL 

Ikmitile AfGPS 122 eq^ifimfitit Hu SDimil grid 
method iTif life d to sui^le tlie fDil Me4fij?em£ntf 
weremtde tt 30 f m^k pbtf , tt t deptli of 30 cm md 
grid ntf rvtl of 5iii(t^o fut^lt pbtf Trere ttlreiL tt 
tlu dugoiLil of tlie fdoth-ftft ^id| A coD^DfitE 
ftii^le iTif al»tinifd by mixuig f- fDil fm^kf, 1 
c enml plot trid ftif renuinikg 4 , ^^re fEpmited 1 m 
tiTiy from eich finding poul Otlier ^S fun^lef 
were rmdomly ttlren from Ou fuld tD Eou^let^ the 
12^ fun^lef tD be uul^Efd by fpectioscopy Ihe 
c Dllecte d f oil iTif di^odE d uita ti^o portiorLf A indB 
A WIS plicedni i propej^ c bf e d bt^ trLdbhui to 
tlie sail fcuiice Itboritoiy md tnt^z^d fen N uid 
OMcDiiteiit [jioi^ B WI5 *ir dritd md f leved <2 nm, 
uid then iiu|y^ d by HIR fpe cbos c opy 



Idd ipcrtThl diti Tiifuiscniait imd uulym 

Sail fpectrt diti collectiDii irif dmie TTith & 
^eitrDphDtom^ter (A3D ReldSp^c Pro FR |350- 
Z^DOum^A 1100701 Th^ foilwif f^t in i petri difh 
irluiff flnfice ivif f kiflie d b^forelitrid Hnee ref^c- 
tuice fp^ctii were ttten ovir tlie centnl tx^i of th« 
petri difli rotitfig the finale AL-bft^fen eich re- 
flecttnce fpectri ippraxniaitf t^ liy 120^^ for eich 
leflecttnce fptctn the f c ui nmubei wif 20 it exictly 
du f iDU pDf ition^ 1 tabl 5{ tJL f or eichfpoi^li iTerc 
tiD ,f ixe d f Etimxkg tmu WIS 1 f {Fig 1). 
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Hu ibfDibuuc of ftu fcmned fm^le ^if re- 
corded |lag(l /^| All ^ectr* If c Dided iTere cheched 
vifutl^ tiid tveitge d nf ing View^ec pra v^ifun 
2 14 md fent ta imltviuiitf uul^if foftfrue-thc 
Tftiicrmibtr a D (CAMD ASA,N[snTiy) Etpres*n- 
t*ti^ lefle cttiic e sptctn of fOAU foil finales txc 
dkDwnxiK£2. 
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NIR spe [tiDf c Dp3' If bificilly ul eu^iTHil 
uiethod , it1u]» coD^lfih pfocedur^ ccuuiftf of m^o 
fUgef [fet I) ciliiEttJDn ftige where Ou predirtioiL 
eqi.iitiDii If developed uul (s^t JL) viMitiDii sUge 
wlure tlie pievicnjs fU^ if vilidited. Ili Ou cilibri- 
tion sUge, ^5 sail sui^^f Trere nfed CilibritunL 
e qi.iitiDiu ^eie d£Vf kiped nf itl^ priLc^il c Dn^cnLeDt 
uul^fif |F C A) tiid putal le ift sqoue {PL £) le gr^ f - 
f UUL tcchiuqiuf uubln^ Ou reliting of lie u-sifmEd 
ifflfictukEf spfctn to Auifiired vtkuf of N uid DM 
Ul the SQiL Mult^liEiti^ fcitter coixectiDii |M£C| 
tednuqi-ie ^tij lued *s pretr«ttm£iit to lediKe the 
effeft of fE4tt£Tiiig ^ptJite cilituttiDii (quitions 
were EOD^itedior eich conftlaeiit Le¥v«-dii4 -cnA 
craff-v4hditiQii wts done on tli« Eilibr^tion set to 
deteimiiie tlie opdmuxa mmdiei of fjctoif (Fj f or the 
FL£ rt^effiDii cilitnttuL mode 1 of eich failprop- 
Eity "Die FcRqii^tfae SDuUeftEMloECV^otmeui 
fqoue eiTDi of craff-v*hditiDii| bet^^en meifiired 
uid pre di£ted vttaef wif cliafEtiioi tlie FLSzegr^s- 
f UUL Eilibrition mcde If Ta j^raid OTcr-ftting, F^if 
^tTJ.]-'^ lEJstliui 1/lQ of til* mniiti*! of f iD^fles ni the 
c A-ib:tt=Dii set Hie fpe ctitl ref^ ctuic e dtti ^ ui unitf 
of log|iy^,w*rE froDothtd over ? CTTJ*nd 11 IQITJ 
wivEleiigfti pouitf Emh { ilibntion ^qoitimi dEVEl- 
opEdfrDin fet I iT^f lued ta predut the canftitueDt 
Tihie f f or tlie uidtp Eiidtti£ fpectri ms^t U (20 stm- 
plef|, tlie E^EiTLtl pie dictun fEt Eesu^ of E^libri- 
tioti uid [JDff vtliditunL of Ole be ft mode If foimd 
lusi^ PL S method for Nuid DM coDtEiit fiitme pr*- 
dutiDiiJiE fhofmni Tible 1 Ule R (c ou^lttiDii c o- 
eff iEieiit|^ RM£EP {raot Autii f qoiTE cuor of piEdx - 
tion},tiid £EP (ftuidud enor of pr*dKtiDii| betiTe Ell 
the pie dieted uLdtufifUTf d vilue f of N tiid OM^Eie 
iii«d ta e?iliutE tlie prediction ibilHy of HIRspec- 
trof copy te duLiqiu 



RESULTS jUOD DISCUSSION 

SpMlE4lpr4p«t£H Uld^«dl[tliIL 

Ule xefkctmce spectn diti c ollecte d iTExe smu- 



Ju AUtlLE fpEctri Ilive ftnee lu^ ib f oiptun petl^i 
(logl IfSQ) SI OLE nf tj mfrjied le giDii <7Cia- 2 SOQ T\n£f 
iTDimd 1400, 1?D0 md J 300 iim {Fig 3), wlinh c or- 
le fpond TTitli the lu^ie ft ibscnliuic e petl^s obtiuied 
hf Chmg Hid Liird (3D02) *nd Fidenc id * j a? (] 00 2^ 
ttftnig foil^ tnd fotne few fmilipeitf m the regun 
bEtween 10OD»110OiiDLtiid22OD»230Omu. 




l2Dn 1404 IMKi lIK 2Dnn 2JIW ^AWU 
l^uvrkn^iLk 4Dm I 

I vi^lu m tfif KJi^ifdneHTL |14CC"23a Tun) 

Since FL S te i±rLiqi.ie tpplief Ime n trui^oixa to 
Ole eiitire mdividiiil wi^ekogdi ditt, it would be 
liE^ifiilb] ExuiiiLie how eich f oil c onstdniuit IS fn^^ 
lelited to uiduidiiil wive lEiLgth, md the full uifor- 
nution W4S obttmed by iismg tlie entire iidiL'iduil 
wtvekngth fo thtt better imdeiftuiding of HIR 
^Ectij miy be Dbtimed ULe coirelition coeffiEieiif 
icraffthe entre fpectnlregiDii of o^0r^2 ^OD nui ttii 
■L gEiLEitliLDt hi^i , liaiTever, fen e^cli c oiiftitiieiit 
dnrsLg^ c ilinttioii model EoiLftniEtxiiL iTere femrLd 
some fli^it^ better { oefiicientf le lite d ta ALdiL'idu*] 
iTtvelenehf,faie™iple mN lS0?,?3iS4,lS2fiiiLd 
20?SnDL,orL^ 1 S ] iS iim c one fpond to fimiln wiw- 
lengdL fElectEdby Moni et ai |1?? 1| .usiLg mui^h 
IkietJ legTESfion (MLE) techmque Ule beft coue- 
ktiDiivihief for M wire found niSSJ^lOSO, 1P51^ 
*nd2277 nm, wlule oii^ lOSO c cure fp and wth th£ 
iTiTC l£n^ selected by Kn£hntiiffal(l?£0) In the 
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previDTii|y Eekct£d w*T«lfiDgtli net cuu lepeitj xl 
bafli ( oDrtituEDts 

Hu piE dictxnL EEt slioiT ti^ S^Pit NIR c mpre di£t 
N ind DM HI ediI icLcmieii ^Titli the fxuiiL^ of 
Bfln-DcT tmi B*iun |19P51, Rd^mio *I aZ(2D02), 
loTidduth uid Hummel |i??l). Clung md Liird 
(?Da2}, uid MvtiL uid M1II17 <2Cia3} lotntistK tlh" 
for p»di[t£d N trid OM s flioivn m Fig 4 Hu R 
bet^f en mfiifured tiid predxte d vilies of N ind OM 
b^H^ 0^2 uid 0^S,4f TTtllif £EP SJ£ ULd a Od 
»sp«ctrre ^ , shoire d thit NIES method h*d patf iitiil 
for pr^dxting ic cuntel^ die f e c Dii5til:i.ieiiti ndui EDd 
t^« EvtnduiQ^i DM peK em c ou^oEitiDii iTiE not 
tbov( 2ft ,t sli^it^ bett££ {au^lituniviE found xl 
duj {mutAunt pr«dj[tiDii^ iUlot^l die diCferuice 
wisnot c[mt£ si^ufKuit Hu j?=D<^3 Dbtiine d m the 
OM pje dictKUL ^is ivithm the ruig^ propDfed by 
MutxL uid UiHiy {^QO^) ndie ir mve rtigitxnL on the 
fuiie CDnsUifnt ifl^l^O^T) uul caufidered is 1 
gaod ippro^[imtt]Dn Ili the ctse of H, Ou JE=a^? 
obbHie d fliQiTe d ilid goDd tEciiri<y,ttutwif li^itl^ 
lu^m thui thit Dbtiinedby Man* «I^{1??1), uid 
Hlmifi Hid L*ird{2aDJl,r*fip*ctiu^tf 

S«l N and E}M ipitul vuialnlity 

Hu obtifud |iE Iff ereuE^ ptxuneteif ) uid pr«- 
di£t£d,N uid QM vihifs iTere both untried on the 
tEpect of thfir canftitiieritf fpitiil vuiibd^ The 
tested field eui b^ cDiiiidir^d ^s fiir^ prodiictive 
bifcdcnLdie N tveitge cm^Qstxai of 7Q 22mg^g 
luigirLg f[om JG 1!^ tD 34 13mgA[g,uid OM tvEiige 
CDii^aEitiDn of 1 3f!% luigirLg f[om 1 D6% tD 1 Jt^ft 



IttdiEtcd ukdmeisnred i^efereiue|N tnd OM 
^itkl diftiAiitiDiii irere imeipolited by Ar^Vi£TT 
GIS "i 1 softTTPue iiimg splti^ nutliod, spitul difti> 
bntiDiimtpf iveif genent£d if fho^ni mngJ lh£ 
lefereiice mips for the prediEted pjuI nuifiired ^ff- 
fienc e ) vilue e of N Hid OMTTe» ikiiart di^ fixof 
The de ue isngwf ftfTud N c Diic entntiDii iTiE miiTL^ 
ciufedby muu^emnilpnEtueE m tillige uid mt 
^tunL Qoitf Eimilir vuiibilAy ^if obs erve d xl die 
OM EDXic^nlritxiiL HI du field Hnao^idv nnge of 
{ onceiitrition uid c dIoie repre f erit£d ii eichmip,* 
fli^HfeiT df^renre eui b« found b^tfreeii prediEtc d 
uid leferuice pinxafitcrs, which showed dut th£ 
pre dicttd N uid OUdirDii^HIRtei±iuqi.iif cuib« 
iifedtof]^liinthe EpitiildiftiibntiDnf of duFfod ^d 
du NIE *s 1 ijpid hchmqm ftut cm be coiubmed 
iTith Dl S uid piec liuuLiummg 



C0NCLU3IDH 

Huf inve ftigitjon showed HIES u 1 tecliiuqi» 
dut cm be coiuidtred tD luve good patuitiil for 
AfseffHig fod N uid OM conteiil Hu regrefsun 
{ a^fiicuntf bftsTEui me inir^d uid pie diEbd vihic i 
of NuidOMweie 0^3 uid D^^.md SEP 3 JS md 
X] iS .re^ectiTe ^ 

Hie fpitiil diftiibuDon nup of du EDd N ukd 
OM fliQTTe d ftut MRS c lub^ nf efid m sAi ie 1 npid 
hchniqofr dut cuibe combine d ivitk DIS uid pre ct 
sion finungpnnc^iz f ipplic^tion 
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Kuufo. 0^ CiiTmti. C- S4iu±£s- Cortes. S^ I^i^iLilu V^ 
SmL^ &fs^ C^ ][X)0 SpedniKc^ic dunctoisdm 
(^ SDilcffpm: luttM 11 kirg-t€mi 4DLaii^a£tniit !i^ 
SiJTK:f,ieS6h4M-5a4 

EQULnnidiBr. 1^ £ir^ B^ McBrtitifiy. A^ 3003 IohoIa- 
lucvE fsti^atmof HTemlsoilircpeitEf byidtn-vukt, 
Tisiili m-d i-ea-ntr^^d leftcLnrLfl ^ctrwd^/ A^■J- 
enasi JjmTrd.r ijf ."i?? Jt:jd?t:i, 41 d ■ 1 10 1- 1 114 



LUU- 



^fMAul J IMw^ianc ^ti* SCf JWS*JtJff} JWtl ^iVU 



nk^dim^in:^ carESOueitEaiterttiafir^ivfr-stnnd 
tii^i¥7in ^ftTHEE^ Tianyirtir^ qf t^ ji^S^ 
ilZ(3kffI3-EiS 
I^:^rLn.P, Alnc^Er. TIs^ButlET. BJ- Himtl TVf^ 
IPSO REflKUiuf Udiix^ f[T ^drtoe ™^ [z^roc 
mnllEr ^/ij^.^ J-44LtS>k:^5 

[iLfrldfETtildYiiL^ AipmuJ H^^jd^nZlmuJ £^^731^1 

MJiitii,5J>-T*%aFy,DJ7_:ffl]3 Ust rf J F-E-iiRnd^^pEC- 
tiwj:i^f[r UaUfffoe Eo^ -^^ysis of Clvbai ^^qius- 

tl«3ZLJl SlEiL]£p /iWiVR J15diXE^^S(Q^:]HlLltLJ}nl_ 

itLVtniraL 
I^Cort/. GW^P-HTuIIL JB^DCSl IiETtk]^€rtt (f Rapxl 

&istniuELt]il Nribcdi fcr Nruus^ ^ail Ctgim: I^ir- 
Ihel Ji LiiL JL [W.1 j\£5UBEtf. Nf^iDdF f[r ^ail 

Cartmi Ltmr MjL B&ci Pjlon. FL p3^1-3M 
McCart7_G_Hrannn_C^:tflirJ,Efnr«J,.Ma3 F^ttord 



by Sail nd r^trst ^mngEmfl Ck^H*^ EfezchIl 
&ir}frt A dv U;^ Dfpt of Affinikm 
Jd^ JiTT^ry^ ir¥ uf di ^77^i«ndi4s^jKt£2tm ^cat 

»in,MJ_HiaMH.lTttlxmLl. LoPi Toibm and 
Ktrq^i nndyFU EiT ^Dilfr^iitiizu iHiLgiE^r- atnndxE- 
fbctsicc ip^ctuMEE^ry ,'^7}j^ ^C j4fTL 7^ £5 S&-3P1 

i^.HT«fJ McCuty. 4j- jHlnmia.T, JCC3 IhEpotsdailif 
ffiqst nflfidinrt ^ftriHC q^f ^ Ux dAEmiiaticzL [f 

3xi£]£nlKJ>.^MLN.&^](]D] Dmiifiiisl [f r^kc- 
^nnrt ^brlnl Qx^rut fa d^nrtETsibmi [f jail ^EDp- 

mftluds f cr N>il or^ru: Atita ssifiES Irisujinioii ^ 





EdiTnr*-in -Chief Pan Vurp-he &. Peler K Sv^ri 
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SCIENCE B 

. b^:/yww.qiLcdv.cB/jziii 

J Z U 5- B f Qojses on "Bi o rjie^Sci ne, Bl oc^emtslry A BiotEchnology' 

y Welcome Your ConlrlL^utlonslo J2US-B 

J[ninul of ^SujiiTLg UniuETEity S CI^ [^E H i?tiiut^ trid fSkEU'4^ Irc ^Dbu icitntuti ullDVErflu 
iTorld tD {omriljutf to JZUS-B ii tli^ fcmnof R^vu^ ^ AitiE l£ md Sci£ikE« Lctttrr iocuj^ d oiitat- 
Tiifdu^u , ItudiobulEy u^ b»t«r^ul«fy ami Eip^cully, !k i£nE« Letter {3-4 pi^ i| iTvoJdb* 
piibhjlitd If saoTLir hIietiiL jQ diyf (Noti dfUiltd nseiriilL phUeI^ f e nn stiiilif puibluhf d m tli^ pn>- 
f^ f f larul jEninulf in dif foEor^ ifUr &i£nE« LcttuE hc poblislu d by JZU^-D. 

> Conlnbulmns requests 

[]) EI^EtnauE mumscz^t ihnuldbi eerI to j evi^ zfu fAl im ou^ ITypaluiT^ ii^ qu£EtioiL^ 
plE452 f(E Jin E tD visit [HIT iT«biitiL higi /^TwiT ^|[i ftdE-oi^suF, ind lifFhi AntbnEE" 

P] SigDdi ibftJirt iluiold mr^idF Dbj^ctiTE , MElluid, Rl^^ uid CoikEbuinn- 

[B] TiblEf uid fog^iTE j c onld b^ 1154 d ti3 ^cvE ymir i^j^tjzli. JTSiiiL 

£4 1 ^iIltuA Elf diE Scum hi LflUif duiQJdbe Ea 2— 4 f i^s Hu lEugOi of tmd< j <E^miECTi uz 
nnL limits d- 

t^} PJeI JE VIS^ [HJF ITf-'bfltf |h£tp ^frTTTCT^i Pftn m^gn t JpfiTTmit ^iTm^ Tn itf f If EI f COnAt- 



